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502a Tuesday, February 5, 2013research to elucidate overall speciation and sorption mechanisms of organic P
in environmental matrices ranging from boreal to African soils and even water
systems. Our aim is to develop solution and solid state 31P-NMR techniques to
identify P-species in soils and water; information ideal for correlating different
organic P-species to plant and soil processes2. NMR studies on soil P have con-
sequently suffered from serious line broadening caused by paramagnetic ions.
We developed a new approach to avoid paramagnetic line broadening by phys-
ically removing them. using sulfide precipitation which reduces and removes
Fe and Mn ions without affecting P-composition, we could see a dramatic re-
duction in NMR line widths from over 100 Hz down to 2 Hz on soil extracts.
This resolution allowed application of 2D 1H, 31P-NMR to resolve the crowded
spectral region where abundant monoester P appears.3 By exploiting 2D 1H-31P
correlations in the NMR spectra of soil extracts we were able to identify unam-
biguously individual organic P species by combining 31P and 1H chemical
shifts and coupling constants, an approach even suitable for a structural char-
acterization of unknown P-components3, 4. Applications on boreal4 and tropical
soil are underway, where tropical soils from Burkina Faso can be studied in
greater detail using the new protocols. Studies using passive sampling with
ion-exchange resin analyzed with solid state 31P-MAS NMR have the potential
to analyze organic P-species in aquatic systems.
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Small angle X-ray scattering (SAXS) is an increasingly popular technique for
obtaining low resolution structures of macromolecules and complexes in solu-
tion. However, the susceptibility of biomolecule solutions to damage by ioniz-
ing radiation can complicate SAXS experiments. Many potentially interesting
proteins, such as light sensors and metalloenzymes, require flow cells to distrib-
ute the X-ray dose over a large volume. The high sample consumption in these
cases can be prohibitive. To circumvent radiation damage, we explore whether
cryo-cooling of samples to temperatures of 100 K can prevent aggregation and
fragmentation during data collection. We identify SAXS-friendly cryoprotec-
tant conditions that suppress ice formation upon rapid cooling, and compare
cryo-SAXS profiles with room temperature measurements for a variety of stan-
dard molecules. From scattering volumes as small as 100 nL, we obtain data of
sufficient quality for envelope reconstruction, and find good agreement be-
tween cryo-SAXS data and known atomic structures. Strikingly, cryo-cooled
samples can withstand doses that are 2-3 orders of magnitude higher than typ-
ically used for SAXS at room temperature, comparable to those used in cryo-
crystallography. While practical challenges remain, this breakthrough opens
the possibility of using SAXS with new, high brightness X-ray sources for
high throughput applications.
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Biological macromolecules in solution exist as conformational ensembles that
are described quantitatively by an energy landscape. A central challenge in
modern biology is to develop physical models that faithfully reproduce this
landscape, and that are capable of predicting the dynamical behavior of proteins
and nucleic acids intrinsic to a conformational ensemble. However, obtaining
direct and accurate experimental measurements of conformational ensembles,
critical for testing and developing physical models, has been a major problem.
Current experimental techniques yield data that is either ensemble-averaged
(e.g. solution molecular rulers) or time-averaged (e.g. single-molecule ap-
proaches), and distance measurements that are not sufficiently accurate to re-
solve the distinct structures contributing to an actual conformational
ensemble. Recently we developed a solution-phase scattering technique that
solves this problem. The so-called Au-SAXS (small angle X-ray scattering) in-
terferometry technique provides the precise and instantaneous distance distri-
bution in aqueous solution between a pair of Au-nanocrystal probes
conjugated to a biological macromolecule, and the data provide distances in so-
lution that are quantitatively comparable to those determined by x-ray diffrac-
tion of crystals. A set of accurate distance distributions between many different
probe pairs can be used to determine the structure of a solution ensemble. In this
work, we apply Au-SAXS to interrogate the fundamental nature of the DNA
double helix, to measure the effect of A-tract sequences on helix conformationand flexibility, and to determine the conformational ensemble produced upon
introduction of bulge sequences into nucleic acid helices.
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The Fluid Force Microscope (FluidFM) is a recently developed technology
based on atomic force microscopy (AFM). The uniqueness of this technology
consists in hollow cantilevers connected to an external liquid reservoir. Differ-
ent cantilever designs have been fabricated, with different tip shapes and aper-
tures. The FluidFM allows for precise control on both the force exerted on
a sample and on the hydrodynamic pressure at cantilever’s aperture. Here we
present the FluidFM adapted for electrophysiology experiments, in particular
for whole-cell patch-clamp and for scanning ion conductance microscopy
(SICM).
Patch-clamp is considered the gold standard for electrophysiology measure-
ments. We investigated on the formation of a force-controlled high electric
resistance seal between FluidFM aperture and cell membrane (gigaseal).
Exploiting the force control capabilities of the FluidFM, the probe is positioned
on the cell membrane in a controlled
fashion simplifying the most critical step
of traditional patch-clamp. Whole-cell con-
figuration is now being explored.
The same setup is suitable for SICM oper-
ated in far contact using the ion conductiv-
ity between substrate and tip as feedback
signal. SICM adapts very well on soft
tissues where AFM fails to preserve the in-
tegrity of the imaged sample. Our system
enables simultaneous AFM and SICM.
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The IonWorks Barracuda system allows simultaneous and continuous measure-
ment of both ligand-gated ion channels (LGICs) and voltage-gated ion channels
(VGICs) in 384 individual recording sites. To achieve this, IonWorks Barra-
cuda system is equipped with 384 individual patch-clamp amplifiers together
with a 384-channel fluidic pipettor. Similar to its predecessor, IonWorks
Quattro, IonWorks Barracuda system measures cell membrane currents using
the perforated patch clamp techniques on a polyimide substrate. Currents are
measured using a single hole at each recording site or an array of 64 holes at
each site (Population Patch Clamp or PPC, Finkel et al. 2006). In this study,
we investigated a new technique to increase the assay window for ionic currents
on the IonWorks Barracuda instrument. using Nav1.5 channel as an example,
we demonstrated stable recording of Nav1.5 currents elicited by repetitive
scans for 30 minutes or longer. This prolonged assay window, which is about
twice of that of IonWorks Quattro, allows the researchers not only to precisely
control the state of the channel by voltage clamp; but also to accurately analyze
compounds with slow binding rate to the channel. In a drug discovery environ-
ment, this allows for the use of more sophisticated voltage protocols to explore
state-dependent blockers of ion channels.
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We developed a Microfluidics Assisted Cell Screening (MACS) technique for
high-throughput optical microscopy. MACS uses a PDMS-based, on-chip valve
that can collapse on cells as they flow through a channel to temporarily trap
them between a PDMS membrane and a glass coverslip for imaging. Carrying
out successive cycles of trapping/imaging allows for building statistics. The
device can be used in three modes: 1) Fully automated, high-throughput
microscopy with minimal sample perturbations. To illustrate this capability
we attached a growth chamber upstream of MACS in a temperature-
controlled incubator to study the relationship between cell size and DNA syn-
thesis in Escherichia coli along the growth curve. Analyzing approximately one
million cells in a one-day, hands-off experiment, our results capture population
growth at the single-cell level with high temporal resolution and minimal user
intervention. 2) In vivo single-molecule counting. using a stiffer PDMS and
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cytoplasmic molecules, likely due to increasing the volume fraction of macro-
molecules. Aside from being a merely biophysical observation, this phenome-
non practically enables digital counting of low-abundance proteins via standard
total internal reflection microscopy since the molecules diffuse marginally dur-
ing a 30-milisecond exposure time and appear as diffraction limited spots. 3)
Capturing rare events. Operating MACS in a mode where cells flow continu-
ously as a single-layer enables the user to monitor up to 10 million cells per
hour. On-the-fly image analysis then allows the device to instantaneously
stop the flow as a cell of interest flows through, to acquire a detailed snapshot.
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Integrated optofluidics holds abundant promise for high throughput detection,
study, and analysis of biochemical molecules and nanoparticles on chip. A vital
element in integrated optofluidics is dynamic tuning and precise control of
photonic devices, especially when employing electronic techniques which are
challenging to utilize in an aqueous environment. We overcome this challenge
by introducing a new platform in which the photonic device is controlled using
electro-optical phase tuning. The phase tuning is generated by the thermo-optic
effect using an on-chip electric microheater located outside the fluidic channel,
and is transmitted to the optofluidic device through optical waveguides. The
microheater is compact, high-speed (> 18 kHz), and consumes low power
(~ mW). We demonstrate dynamic optical trapping control of nanoparticles by
an optofluidic resonator. This novel electro-optofluidic platform allows the
realization of high throughput optofluidic devices with switching, tuning, and
reconfiguration capability, and promises new directions in optofluidics.
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Conventional approaches for assessing changes in cell adhesion often lack of
time resolution and require invasive force or nonnative label. To circumvent
such problems, we have developed an innovative approach of using quartz crys-
tal microbalance with dissipation monitoring (QCM-D) to track real-time
changes in cell adhesion. We have experimentally and computationally estab-
lished a correlation between time-dependent changes in energy dissipation
factor (DD) measured from the QCM-D and the level of cell adhesion complex
(i.e., focal adhesions). Based on this correlation, we have been able to
investigate the epidermal growth factor-induced change in cell adhesion and
its regulation. We have also been able to evaluate the effects of various
pharmacological interventions of this dynamic change in cell adhesion. The
results of our study suggest that this QCM-D-based approach can potentially
be exploited for fundamental study of cellular processes such as cell signaling,
trafficking, and mechanotransduction, as well as for biomedical research on
drug and biomarker screening.
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In this presentation I show how hydrodynamic forces can be used to locally trap
and move membrane-associated molecules in lipid bilayers. We use the liquidFig. 1. Liquid flow through a conical
pipette is used to locally trap mole-
cules in lipid bilayers.flow through a ~1 mm pipette to create a lo-
calized force field that acts on molecules
protruding from the lipid bilayer (see Fig.
1). In addition to introducing the hydrody-
namic trap and some of the possibilities and
challenges of using this technique on living
cells, I will also present examples of using
this technique to: (i) vary the concentration
of molecules in lipid bilayers, (ii) study in-
termolecular interactions between different
membrane-bound proteins as a function ofsurface coverage and (iii) induce and study pore formation in lipid bilayers.
In particular, I show how the hydrodynamic trap can be used to obtain informa-
tion about the orientation and mechanical properties of the extracellular domain
of the tyrosine phosphatase CD45 involved in the early stages of T-cell immune
response.
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In biology, binding reactions taking place between apposing surfaces, in
contrast to reactions in solution, are controlling a plethora of critical processes
including cell adhesion and motility, immunological signaling, neurotransmis-
sion etc. However he techniques developed to quantitatively characterize
interfacial reactions (e.g. the surface force apparatus, surface plasmon reso-
nance and quartz crystal microbalance) are either not at all amenable to imag-
ing or have at best a resolution of tens of micrometers. Here, we monitored the
transient interaction of diffusing particles with a surface to measure quantita-
tively and under equilibrium conditions, inter-surface on-rates, off-rates and
energies for binding reactions (1, 2). These interactions could then be laterally
resolved to produce an energy map with sub-diffraction-limited resolution. This
novel method was termed Particle Tracking Microscopy.
References:
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In vitro culture systems are useful for investigations of cellular function and
molecular interactions in a controlled environment. The experimental utility
of a cell culture system is heightened by genetic characterization of the cell
population under study and by knowledge of the extent to which the culture
population resembles the tissue of origin. Here we report outcomes of Next
Generation Sequencing (NGS) efforts to acquire a comprehensive view of
the cadre of ion channels expressed in cultures of normal human astrocytes
(NHA; Lonza). Experiments were undertaken with the goals of identifying
novel ion channel candidates for glial function, and of assessing whether the
cell culture population expressed ion channels with an established role in astro-
cyte function. Total RNA isolated from normal human astrocytes that were
cultured for 5 days after passage was sequenced with Illumina-Solexa technol-
ogy at the National Center for Genome Resources (NCGR). Approximately 23
million reads mapped to 18,470 genes on the human reference genome (HUGO
nomenclature; build 37). Analysis revealed the expression of genes representa-
tive of glial and neural lineages. Genes characteristic of astrocytes were more
prevalent than genes that typify oligodendrocytes. The NHA ion channel tran-
scriptome comprised over 200 genes for voltage-gated and ligand-gated ion
channels and represented 0.24% of the unique RNA Seq reads. Of particular
interest were the many expected and novel genes for potassium channels
(KCN-x), calcium channels (CACNA-x), and glutamate receptors (GRI-x)
that were represented in the NHA channelome. Results provide a rich resource
for further investigations of ion channel function, signaling pathways, and gene
networks in the normal human astrocyte cell population. Supported by NIH
(P50GM068762, P20RR016480).
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In addition to a well-characterized role of cytochrome c (cyt c) as a pro-
apoptotic factor acting after its release from mitochondria into the cytosol,
a new pro-apoptotic function of the intra-mitochondrial pool of cyt c has
been recently identified. Early in apoptosis, cyt c interacts with a mitochon-
dria-unique phospholipid, cardiolipin (CL), that massively transmigrates
from the inner to the outer mitochondrial membrane. In the complexes thus
